Photonic integration technologies, which have been developed since the deployment of optical communication, are essential for increasing network capacity at a low cost and with efficient power consumption. This talk reviews the recent progress made on photonic integrated devices employing various methods and materials, and discusses issues to be solved and future trends.
Introduction
Internet protocol (IP) data traffic has increased hugely with the increased access to such broadband access environments as fiber to the home (FTTH), and asynchronous digital subscriber lines (ADSL), which have enabled the provision of video on demand, video chat, and other similar services. In Japan, IP data traffic doubles annually, and this trend is set to continue. A very large capacity backbone network is needed to support the huge traffic volume generated by access networks. For this purpose, various technologies, including time division multiplexing (TDM) up to 40 Gbps per channel, wavelength division multiplexing (WDM), and a phase-shift keying (PSK) modulation method, have been developed and installed to support the existing IP traffic demand (Fig. 1 ). In the near future, WDM transmission systems with even greater transmission capacity will be required. Recently, optical transmission technologies combined with coherent detection and digital signal processing technologies (digital coherent technologies) have been attracting a great deal of attention with a view to improving the optical transmission performance.
As regards large-capacity photonic networks, optical switches have played an important role for constructing flexible networks. Currently, reconfigurable optical add-drop multiplexing systems (ROADM) with optical switches are installed in metro-area ring networks. ROADM technologies have been applied to multi-ring networks, in which two rings are connected using wavelength selective switches. By expanding these technologies further, photonic mesh networks will be constructed in the near future.
Various optical components have been developed for constructing telecommunication systems with large capacities and various functions including WDM, FTTH, and ROADM using silica-based planar lightwave circuits (PLCs) [1] , InP-based active components [2] and micro-optics technologies. Of these, PLC-based integrated devices have the advantages of high stability, reliability and excellent optical performance, and we have recently been developing PLC-based components for high bit-rate and large-capacity transmission and ROADM [1] . Photonic network systems are becoming more complicated, thus making it necessary to integrate more passive and active optical components on PLC platforms to achieve low cost and high flexibility. This paper reviews recent progress on integrated components for large-capacity and flexible photonic networks.
100G-class transmission technologies
Non-return to zero (NRZ) modulation formats have generally been used for systems operating at up to 10 Gb/s. However, advanced modulation formats are needed for high bit-rate transmission technologies operating at 40 Gb/s or more. Optical transmission schemes for channel rates of 100 Gb/s or higher in WDM systems are now being widely studied to increase both sensitivity and spectral efficiency [3, 4] . The combination of polarization-division multiplexing (PDM) and spectrally efficient modulation formats, such as quadrature phase-shift keying (QPSK), with digital coherent detection techniques is emerging as one of the most promising solutions, because of the high tolerance to fiber dispersion and band filtering in the add/drop nodes [3, 4] . The structure of the PDM-QPSK transceiver is shown in Fig. 2 . ADC and DSP-LSIs are key components in the transceiver, and have been developed extensively. In addition, it will become essential to integrate modulators and PDM components on the transmitter side, and PBS, 90-degree hybrid, photo-diodes (PDs) and transinpedance amplifiers (TIAs) on the receiver side to reduce cost. To enable us integrate two QPSK modulators and a PDM circuit with practical performance levels, we developed a hybrid assembly technique with PLCs and LiNbO3 (LN) phase modulators [5] , in which we used a simple straight-line phase-modulator array with LN, and butt jointed it with PLCs on either side. The integrated modulator consisted of three chips, and exhibited excellent performance in 100G-class transmission experiments. On the receiver side, it is also important to integrate the optical components and electrical parts. A compact module with 4 PDs and TIA chip has been developed and is expected to be integrated with a PLC-based 90-degree hybrid and a PBS [6] .
ROADM technologies
The conventional ROADM node configuration consists of MUX/DEMUXs, optical switches and optical power monitors. An add/drop operation can be carried out with an optical add/drop switch controlled from a remote site. To construct the ROADM nodes, PLC-based devices such as AWGs and PLC-SWs have been used. Recently, an integrated PLC chip, which includes AWGs, PLC-SWs and monitor PDs, has been developed to reduce the cost and size of the ROADM node. Figure 3 shows such a compact chip, in which the monitor PDs were mounted on the PLC surface, and the power consumption of the PLC-SWs was greatly reduced by using advanced PLC technologies [7] . The integration technology leads to reduced cost and a smaller ROADM system package. 
